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What is claimed is; 




1. A method of conferring resistance to/ 
protoporphyrinogen oxidase- inhibiting herbicides upon. 
plants or plant cells, comprising introducing a DNA 
fragment, or biologically functional equivalent 
thereof, or a plasmid containing the /DNA fragment or 
its biological equivalent, into plants or plant cells, 
wherein said DNA fragment or said/biologically 
functional equivalent is expressed and has the 
following characteristics: / 

(1) said DNA fragment/encodes a protein or a 
partf of the protein havinor protoporphyrinogen activity 
in yplants ; / 

(2) said DNA fragment is homologous to a nucleic' 
cid encoding an amino acid sequence selected from the 

group consisting ot SEQ. ID. NO.: 1, SEQ. ID. NO.: 2 
or SEQ. ID. NO.:/?, and encodes a protein or part of a 
protein in whiczh an amino acid corresponding to Vall3 
of SEQ. ID. N6. : 1 or SEQ. ID. No.: 2 or SEQ. ID. No.: 
3 is substituted by another amino acid; that can be 
detected amd isolated by DNA -DNA or DNA-RNA 
hybridization methods; and 

(i) said DNA fragment has an ability to confer 
resistance to protoporphyrinogen oxidase- inhibiting 
herpicides in plant or algal cells when expressed 
therein . 



PCT/US96/20415 



2. The method according to claim 1, wherein the 
D i DNA fragment or biologically functional equivalent 
\ thereof , or a plasmid/containing the DNA fragment 

/ VJt encodes a protein or a part of the protein having 
5^ M yprotoporphyrinoge/i oxidase activity in a dicot . 



w 
w 




3 . The method 
dicot is Arabidopsi, 
encodes 



claim 

the DNA fragment 
dh Vall3 of SEQ. ID. NO. : 2 





nother amino acid. 



4 . The method accordingtp^jil^j^ft--±7 _ Tfhe^^in the 
DNA fragment enc^dse--a^protein or a part of the 
"p^teinjaavlmg protoporphyrinogen oxidase activity in 

tonocot . 

5 . The method according to claim 4 , wherej. 
DNA fragment encodes/a protrej^ojua--p^rTof the 
protein having protopor^ftyianogen oxidase activity in 
maize, and the^-BHA/f ragmen t encodes a protein in which 
Vall3^j>i^§EQ- ID. /no. : 3 is replaced by another amino 
Scid, 



6 . The method according to claim 1 , wherein^ 
DNA fragment encodes a protein or a parjxyf^the 

irotein having protoporphyrjjieg^noxidase activity in 
thlamydomonas , and_^fehe~~DNA fragment encodes a protein 
in whichVaiXSof SEQ. ID. NO. : 1 is replaced by 
ier amino acid. 

7 . The method according to any one 
to 6, wherein Va2J3__£ji--t4ier-^o7responding amino acid is 

5y~1nethionine . 



8 . The method ac< 
resistance is conferred 




g to any one of claims 1 to 
giiapt cells upon which 
'■io/ the green alga 
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9. The method of conferring resistance to 
protoporphyrinogen- inMBlt^?£g herbicides according to 
claim 8, wherein Vall3 <^ thf corresponding amino acid 
is replaced by methioa 

10 . A plant or plant cells or green alga upon 
which resistance is conferred by the method described 
in ,nny nnffi^; claimc 1 to fl. 

11. A method of selecting plant or algal cells 
upon which resistance to protoporphyrinogen -inhibiting 
herbicides is conferred, which comprises treating a 
population of "plant or algal cells, upon which 
resistance to protoporphyrinogen- inhibiting herbicides 
is conferred by the method as described in -a ey - onerr rf-' 
riljrrm^Hl t-e-^, with a protoporphyrinogen- inhibiting 
herbicide in an amount which normally blocks growth of 
said plant or algal cells expressing only herbicide- 
sensitive protoporphyrinogen oxidase. 



12 . A method of controlling plants lacking 
20 resistance to protoporphyrinogen-inhibiting herbicides - 

in cultivated fields of crop plants upon which 
resistance to protoporphyrinogen-inhibiting herbicides 
is conferred by the method as described in <Jiiy - *mfc! u£ 
fl^mS 'x'to 9 w hich comprises applying to said field 
25 at least one protoporphyrinogen-inhibiting herbicide 

in effective amounts to inhibit growth of said plants 
lacking resistance to protoporphyrinogen-inhibiting 
herbicides . 



13. The method of controlling non-resistant 
3 0 plants according to claim 12, wherein the 

protoporphyrinogen-inhibiting herbicides to be applied 
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are selected from the group of compounds of the 
formula X - Q, wherein Q is selected from the group 
consisting of: 



>0 -lo -b: 



o 

( Formula 2) ( Formula 3 ) 




(Formula 5) (Formula 6) (Formula 7) (Formula 8) 




( Formula 9 ) ( Formula 10 ) 
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and X is selected from the group consisting of 



wherein 

A - H, halogen 

B-O.S 

R - C,-C g alkyl, 
C 3 -C 8 alkenyl, 
Cj-Cg alkynyl 



B 

y~ OOOR 



A - H, halogen 

B-O.S 

R'«H,CH 3 

R - C r C i alkyl 
C 3 -C e alkenyl 
C 3 -C 4 alkynyl 



- H, halogen 
-Ci-Cg alkyl, 
C^-Cg alkenyl, 
CVC 8 alkynyl 



A - H, halogen 

B-O.S 

R - C,-C„ alkyl. 

C 3 -Cg alkenyl. 

C 3 -Cg alkynyl 



a ~0~ 

nhso 2 r 



A - H, halogen 
R - Ct-Cg alkyl, 
C 3 -Cg alkenyl, 
Cj-Cg alkynyl 



ODOR 



wherein 

A - H, halogen 

R - C r Cg alkyl, 

C 3 -C« alkenyl. 

C 3 -C 8 alkynyl 




R - C,-Cg alkyl, 
Cj-Cg alkenyl, 
C 3 -C g alkynyl 



d Q 



A - H, halogen 
R " C,-C 8 alkyl. 
C 3 -C g alkenyl, 
C 3 -Cg alkynyl 
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14. The method of controlling non-resistant 
plants according to claim 12, wherein the 
protoporphyrinogen- inhibiting herbicide to be applied 
is selected f rom the group consisting of compounds of 
the formula : 

a o ch 3 



/ XN ^CH3 N^^/COOCH(CH 3 ) 2 

NHS0 2 CH 3 3 
( Formula 19 ) 



O 

( Formula 20 ) 



u 

CI 




" (C2-C5 alkenyloxy) Q-C 4 aUkyl 



( Formula 21 ) 




wherein 

R - Cj-Cg alkyl, 
C 3 -C 8 alkenyl, 
C 3 -C 8 alkynyl 



( Formula 22 ) 




( Formula 23 ) 
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[N- (4 -chloro-2-f luoro- 5 -propargyloxy) phenyl -3 , 4,5,6- 
tetrahydrophthalimide, 

pentyl [2-chloro-5- (cyclohex-l-ene-1 , 2-dicarboximido) - 
4 - f luorophenoxy] acetate , 

7-f luoro- 6- [(3,4,5,6, - tetrahydro) phthalimido] -4- (2- 
propynyl) - 1 , 4 -benzoxazin-3 (2H) -one, 

6- [ (3, 4, 5, 6 -tetrahydro) phthalimido] -4- (2-propynyl) -1, 
4 -benzoxazin-3 (2H) -one, 

2- [7-f luoro-3-oxo-4- (2-propynyl) -3 , 4-dihydro-2H-l, 4- 
benzoxazin-6-yl] perhydroimidazo [1, 5-a] pyridine-1, 3- 
dione, 

2- [ (4 -chloro-2-f luoro-5- propargyloxy) phenyl] perhydro- 
1H-1, 2, 4-triazolo- [1, 2-a] pyridazihe-1 , 3-dione, 

2- [7-f luoro-3-oxo-4- (2-propynyl) -3 , 4-dihydro-2H-l , 4- 
benzoxazin-6-yl] 5,6,7,8-1,2, 4-triazolo [4 , 3 -a] pyridine - 
3H-one, 

2- [3-OXO-4- (2-propynyl) -3 , 4 -dihydro-2H-l , 4 -benzoxazin- 
6-yl] -l-methyl-6-trifluoromethyl-2, 4 (1H, 3H) - 
pyrimidinedione , 

2- [6-fluoro-2-oxo-3- (2-propynyl) -2,3- 
dihydrobenzthiazol-5-yl] -3,4,5,6- 
tetrahydrophthalimide , and 

l-amino-2- [3-oxo-4- (2-propynyl) -3, 4 -dihydro-2H- 1 , 4- 
benzoxazin-6-yl] - 6 - tri - f luoromethyl -2 , 4 (1H, 3H) - 
pyrimidinedione . 
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15. A DNA fragment or biologically functional 
equivalent thereof which has following 
characteristics : 

(1) said DNA fragment encodes a protein/ or 
part of the protein having protoporphyrinogen oxidase 
activity in plants; 

(2) said DNA fragment has a sequence that can be 
detected and isolated by DNA -DNA or DNA-RNA 
hybridization to a nucleic acid sequence homologous to 
a nucleic acid sequence encoding an amino acid 
sequence selected from the group/consisting of SEQ. 
ID. No.: 1, SEQ. ID. No.: 2 ancT SEQ. ID. No.: 3; 

(3) said DNA fragment encodes a protein in which 
n amino acid corresponding/to Vall3 of SEQ. ID. No. : 

SEQ. ID. No:r"2~or SEQ/ ID. No.: 3 is substituted 
by another amino acid; ^nd 

(4) said DNA fragment has the ability to confer 
resistance to protoporphyrinogen- inhibiting herbicides 
in plant or algal/cells when expressed therein. 



16. The/DNA fragment or biologically functional 
equivalent thereof according to claim 15, wherein the 
DNA fragment encodes a protein or a part of the 
protein/having protoporphyrinogen oxidase activity in 

digot. 

17 . The DNA fragment or biological iWJruiic^fcien^^ 
equivalent thereof/ accosting to__^la-rfTf^67 wherein the 
dicot is Arabidopsis£B^±Tana and the DNA fragment 
encodes an amino acid sequence resulting from the 
repla^elrient: of Vall3 of SEQ. ID. NO.: 2 by another 
amino acid. 



18. The DNA fragment orbipJ^>gi^ralTy __ functional 
ivalent thereof^^a^nsrcTing to claim 15, wherein the 
ant is a^moflocot . 



1 9 . The DNi 
equivalent there y 
monocot is maiz^ 
acid 
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r eln the 
encodes an amino 
r om replacement of Vall3 of 




13 by another amino acid 



20 . The DNA fragment or biologically functiona 
equivalent thereof according to claim 15, wherein /he 
plant is the green alga Chlamydomonas and the DNA 7 
fragment encodes an amino acid sequence resulting from 
replacement of Vall3 of SEQ. ID. NO. : 1 by arlbther 
amino acid. 




21. The DNA fragment or biologically functional 
equivalent thereof according to any one of claims 15 
to 20, wherein said another amino ac/d is methionine. 

2 . The DNA fragment or biologically functional 
equiValent thereof according to/claim 20, wherein the 
DNA/fragment has a sequence that can be isolated from 
genomic DNA of Chlamydomonas/axid encodes a protein or 

part of the protein having protoporphyrinogen 
oxidase activity, and a nucleotide corresponding to 
guanine at position 37 J(G31) of SEQ. ID. NO.: 4 is 
replaced with another /nucleotide . 



23. The DNA fragment or biologically functional 
equivalent thereof according to claim 22, wherein said' 
another nucleotide is adenine . 



24 . A'plasmid comprising the DNA fragment or 
biologically functional equivalent thereof described l/\ 
fWp n ^ M ai >s m l-n 9.3. 
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26. A method of evaluating the inhibitory effea 
of a compound on protoporphyrinogen oxidase , 
comprising (a) culturing in the presence of a teste" 
compound a sensitive microorganism containing a/gene 
encoding a protein with protoporphyrinogen oxidase 
activity sensitive to protoporphyrinogen inhibitors 
and a resistant microorganism which diffe/s from said 
sensitive microorganism only by a gene encoding a 
protein with protoporphyrinogen oxidase/ activity 
resistant to protoporphyrinogen inhibitors in which 
the amino acid corresponding to ValLS of SEQ. ID. No.: 
1, SEQ. ID. No. : 2 or SEQ. ID. No./ 3 is replaced with 
another amino acid and (b) measuring the growth of 
both of said sensitive and resistant microorganisms to 
evaluate the inhibitory effect of the test compounds 
on protoporphyrinogen 

27. The method o^s^valuating the 
protoporphyrinogen oxidase- inhibitory effect according 
to claim 26, wherein /the resistant microorganism is 
obtained by introducing a gene encoding a protein 
having protoporphyrinogen oxidase activity resistant 
to porphyric herbicides in which the Vall3 of SEQ. 
ID. NO. : 1, SE(/. ID. NO.: 2 or SEQ. ID. NO.: 3 is 
replaced by another amino acid in a microorganism 
lacking acti/ve protoporphyrinogen oxidase, thereby 
restoring tfne growth ability of the microorganism. 

The method of evaluating the 
protopojrphyrinogen oxidase -inhibitory effect according 
to claim 26, wherein the resistant microorganism is 
obtained by introducing a resistant gene encoding a 
protein having protoporphyrinogen oxidase activity, in 
which the Vall3 of SEQ. ID. No.: 1, SEQ. ID. No.: 2 or 
SECf. ID. No. : 3 is replaced by another amino acid, 
into a Chlamydomonas strain sensitive to 
piptoporphyrinogen oxidase- inhibiting herbicides. 
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29. A method of evaluating the 
protoporphyrinogen oxidase- inhibitory effect accor 
to claim 26, wherein the gene that can confer 
resistance is a gene comprising a DNA fragment /as 
described in claim 2 0 -©a?— ^2°r 

30. The method of evaluating the inhibitory 
effect on protoporphyrinogen oxidase as /claimed in any 
one of claims 26 to 29, wherein Vall3 Is replaced by 
methionine or G3 7 is replaced by adenine, 
respectively . 

31. An in vivo method of identifying and 
evaluating protoporphyrinogen oxidase inhibitors, 
comprising (a) culturing in the presence of a test 
compound a sensitive microorganism having a gene 
encoding a protein withp^rotbjjDrphyrinogen oxidase 
activity sensitive to aL^yratoporphyrinogen inhibitor 
and a resistant microorganism differing from said 
sensitive microorganisraf only by the presence of a gene 
encoding a protein wljLh protoporphyrinogen oxidase 
activity resistant to a protoporphyrinogen oxidase 
inhibitor in which/an amino acid corresponding to 
Vall3 of SEQ. ID./No.: 1, SEQ. ID. No.: 2 or SEQ. ID. 
No. : 3 is replaced by another amino acid, and (b) 
identifying ther compound which inhibits growth of only 
the sensitive /microorganism at a particular dosage. 

32 . Tne method of selecting a protoporphyrinogen 
inhibitor according to claim 31, wherein the resistant 
microorganism is obtained by introducing a gene 
encoding/ a protein having protoporphyrinogen oxidase 
activity resistant to porphyric herbicides, in which 
the VaI13 of SEQ. ID. No.: 1, SEQ. ID. No.: 2 or SEQ. 
ID. Nc/, : 3 is replaced by another amino acid, into a 
microorganism lacking active protoporphyrinogen 
oxidase, thereby restoring the growth ability of the 
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microorganism . 

33. The method of selecting a protoporphyrinoge 
oxidase inhibitor according to claim 31, wherein th 
resistant microorganism is obtained by introducin 
gene encoding a protein having protoporphyri 
oxidase activity, in which the Vall3 of SEQ. ID. No. : 
1, SEQ. ID. No.: 2 or SEQ. ID. No.: 3 is replaced by 
another amino acid, into a Chlamydomonas strain 
sensitive to protoporphyrinogen oxidase -inhibiting 
herbicides . 



Sj 15 



34 . The method of selecting a p-fotoporphyrinogen 
oxidase inhibitor according to clainrt 31, wherein said 
gene encoding a protein with protoporphyrinogen 
oxidase activity resistant to the protoporphyrinogen 
oxidase inhibitor is a gene comprising a DNA fragment 
as claimed dj^fe^^^alui 



35. The method of sheeting' a protoporphyrinogen 
oxidase inhibitor according to ^m,^^;''*- 5/ 
~3-#T~ wherein (as claim £0) . 



36. An in viyb method of identifying compounds 
that do not inhibit protoporphyrinogen oxidase 
activity, comprising (a) culturing in the presence of 
a test compound a sensitive microorganism, containing 
a gene encod/ng a protein with protoporphyrinogen 
oxidase activity sensitive to protoporphyrinogen 
oxidase inhibitors, and a resistant microorganism, 
which di/fers from said sensitive microorganism only 
by a gene encoding a protein with protoporphyrinogen 
oxidase activity resistant to protoporphyrinogen 
oxidase inhibitors in which the amino acid 
corresponding to Vall3 of SEQ. ID. No.: 1, SEQ. ID. 
No/.: 2 or SEQ. ID. No.: 3 is replaced by another amino 
arfid, and (b) identifying the compounds which inhibit 



growth of both of said sensitive and resistant , 
microorganisms . 
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37. The method of identifying and evaluating a 
compound that does not affect protoporphyr/inogen 
oxidase activity according to claim 36, wherein the 
resistant microorganism is obtained by introducing a 
gene encoding a protein having protoporphyrinogen 
oxidase activity resistant to porphyric/ herbicides in 
which the Vall3 of SEQ. ID. No.: 1, SEQ. ID. No.: 2 or 
SEQ. ID. No. : 3 is replaced by another amino acid in a 
mutant microorganism lacking active -protoporphyrinogen 
oxidase, thereby restoring the growth ability of the 
mutant . 

38. The method of identifying and evaluating a 
compound that does not af fefct /pirotoporphyrinogen 
oxidase activity according t^Nclaim 36, wherein the 
resistant microorganism isyObtained by introducing a 
gene encoding a protein having protoporphyrinogen 
oxidase activity resistant to porphyric herbicides, in 
which the Vall3 of SEQ/ ID. No.: 1, SEQ. ID. No.: 2 or 
SEQ. ID. No. : 3 is replaced by another amino acid, 
into a ChlamydomonaJ strain sensitive to 
protoporphyrinogen/ oxidase- inhibiting herbicides. 

39. The method of identifying and evaluating a 
compound that ydoes not affect protoporphyrinogen 
oxidase according to claim 36 wherein said gene 
encoding a Protein with protoporphyrinogen oxidase 
activity Resistant to protoporphyrinogen inhibitors is 
a gene comprising a DNA fragment as claimed in either 
of cla4mis 20 or 22. 



/40. The method of identifying and evaluating a 
compound that does not affect protop 
oxydase activity according to amy^sl^Z! 



